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[Introduction] The Scanning Electron Microscope (SEM) is a widely used instrument for 
observation and analyses of bulk specimens. A resolution in units of nm at the primary beam 
energy around 10 ke V is obtainable in a standard SEM where the specimen is immersed in a 
nearly field free region. Modem SEM's are equipped by various types of immersion lenses, 
aiming at a similar resolution at low primary beam energies (say, between lkeV and 100 eV) 
where new contrast types start to emerge. The fields inherent to the immersion lens and 
addition of the”through the lens”electron optics influence the trajectories of signal electrons 
originating from the specimen so that collection of the signal electrons can be controlled 
according to their initial angle and energy. The only way of obtaining a high resolution at 
energies below 100 e V isto immerse the specimen into a strong electrostatic field 1,similarly 
as it is done in the emission microscope where the Cathode Lens (CL) principle is utilized. 
[Experimental] The CL mode has been tested in a standard SEM1'2 with the specimen serving 
as a negatively biased cathode and with a dark四fielddetector represented by a grounded anode. 
Primary electrons are decelerated toward the specimen by the CL field and signal electrons 
from the specimen are collimated to the optical axis and accelerated toward the one-channel 
single四crystalyttrium-aluminum garnet scintillator detector with a central bore of 300 μmin 
diameter. In the SLEEM system (SEM equipped by CL), similar contrast types can be 
observed as in a LEEM (Low Energy Electron Microscope )3, but even at medium energies 
(around 1 ke V) new interesting results can be obtained. A critical energy can be found for 
imaging of nonconductive specimens or their nonconductive parts, a layer by layer in-depth 
tomography is available when lowering the energy and hence diminishing the interaction 
volume, the secondary emission yield increases above one, and finally, high efficiency is 
available of the electron-photon conversion in the detector at low landing energies because in 
the CL field the whole energy spectrum of emitted electrons is accelerated near the high 
primary beam energy'+. 
[Results] The spot size as a function of energy of 
electrons irradiating the specimen was calculated 
by using approximate analytical equations5 for 
the following parameters of a standard SEM: the 
spherical and chromatic aberration coefficients 
10 mm and 12 mm, respectively, primary beam 
cu町ent5 pA, brightness of the gun 105 A cm-2 
sr-1, energy spread of the beam 2 eV, and the 
working distance 8 mm. Parameters of the CL 
consist of the distance between the cathode and 
anode, which was 5 mm, and of the electrostatic 
field strength, which varies from 2 kV/mm to 
zero for electron energy at the sample increasing 
from 10 e V to 10 ke V with the primary beam 
energy kept constant at 10 ke V. The calculation 
results are shown in Fig.1 for an optimum aperture angle and a fixed one, which was 8 mrad, 
together with measured points. The resolution was taken as the edge width between 25 % and 
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Fig. 1. Resolution versus the landing energy. 
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75 % of the signal increase at the margin of the gold-on-carbon islands. 
[Summary] A resolution of 9 nm at 10 e V can be obtained with the specimen immersed in 
both strong electrostatic and magnetic fields4. Also the transmitted electron signal at very low 
energies can be studied thanks to the increasing inelastic mean free path. 
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